Track 7: Spacecraft Avionics Systems & Technologies 

Track Organizer: John Samson, Jr., Honeywell inc. 
Track Organizer: Scott Tyson, SES Consultants, Inc. 

7.01 Onboard Processing Hardware Architectures and Interconnect Technologies 

Session Organizer: Joseph Marshall BAE SYSTEMS 

7.0101 Analysis of a SAE AS5643 Mii-«94b Based High-Speed Avionics Network Architecture 

r\ I (Hi r - , I I 

Pdwssritoffort. Sunday. Match 4ii\ 4 30 pm, Lokes/Canyon 

To satisfy the increasing needs of more information transmission among subsystems, and 
to minimize the latency of data transmission between high-speed processors, the avionics 
interconnection in futuie aeras < uire ie ndwdtb data 

t nigh speed K up to 3 2 Gbps) data bus for consumer 
electronics. The Lockheed Martin's Joint Strike Fighter (JSF) program was the first 
significant irrtpit nta on of (EE for aerospace vert ch I 

standajdiseo * . SAE 643 Thi trtfcfe <s t piair the standard tn details and provide 
insights into it, using faliune modes and effects analysis {FMEA} toots. The analysis results 
and recommendations could be used... 

7.0102 Increasing Performance and Removing Bottlenecks in Reconfigurable Space Processing 
Joseph Marshal! . Jtm>>y Robertson (BAE Systems) 

Pi&s&nttitton: Sunday. Match 4tt*. 4'SS ,um, Luks/Canyot} 

We describe a new building block under development for reconfigi rabii systems that 
marries programmable support circuitry for reconfigurable devices and non-votatii© 
con figuration memory Into an integrated and expandable building block based on BAE 
Systems te"- We 
dtocuss the an. «f this ll " ding ts p iismrn and it isi rtion into various 

reconfigure bk i - » describe a tpst board that allows testing of the 

device elements, demonstration of reconfigurable applications, connections to various 
interfaces but' fieri a i i } PCI: t ire and new interfaces such as 

Rockest lO, Rapid IO or PCI Express. 

7.02 Onboard Processing Hardware Architectures and Interconnect Technologies 

Session Organizer: Edward Prado, Honeywell Inc 
Session Organizer. Stephen Ruggfe$ s NASA Langley Res&arcn Center 
Session Organizer: Michael Lovtallette, Naval Research Laboratory 
7.0201 SIFOpt ~ Fixed-Point Implementations of Calculations from Floating-Point Descriptions 
David M Bufhx • ,' ' ~ , ' \ ' i * tiy of Idaho) 

% * on: Sunday, Mat < < ! &/cmy*m 

This paper presents a methodology and a software toot for generating fixed-point: 
computations ena ig nt< jet >nly p » ssors to achieve numet - >y comparable 
So floating pot * f u iware. Signal 

processing and control algorithms are typically designed and modeled in high-level 
software that [ r a e -written for 

target hardware which may be an ir t, - or DSP chip, or an FPGA or 

i and soft © provide a syeiematfc nthesfs < t ntegei 
implementations, with accuracy rivaling floating point... 
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7.0202 SpaceWire Plug 'n' Play 

G/w»« Ra*ow {NASA Goektanl Swttxi Flfffttt Center}: Patrick McGitkk tMk:r<>~RDC>; CMtbrd Kittmxi/y 
I - ) 

I ! > r ,( y ■■ it ' 5 , 1 

Advancements in ptug-and-play {PnP) technologies for terrestrial applications can serve as 
a baseline model for a PnP approa> h i 

- -j t< - 1 j t r satellite high-spee 2 0 1 1 - nmunications. 

it has become important for SpW to adapt to this Plug and Play (PnP) environment. 
Because SpW is simply a bulk transport protocol and lacks built-in PnP features., several 
changes are required to facilitate PnP with SpW. 

7.0203 Radiation Hardened FPGA Techiioiogy for Space Applications 

(Wiswl Rockelt, Dinu Pst0f. Steve/: Oanziger (BAB SYSTEMS); Brian doiKfitist j. J. Wang (Acfcf 
Corporation} 

Pr&s&ttl&ttor}: Sunday, Matvn 4th, 9:15 pm, Lake/Canyon 

High performance, high density, radiation hardened Fie id Programmable Gate Arrays 
<FPGAs} are > s sign cost and 

cycle time. SAE Systems has implemented radiation hardened tSOnm bulk CMOS process 
technology in its foundry localed in Manassas, VA to support such advanced product 
needs, BAE Systems and Acte! Corporation are collaborating to bring the next-generation 
radiation hardened FPGA pro^u l fo slica rt l"his paper will describe 

th* test ! luite and status of the rad hard RHAX2S0-S FPGA product installation and 
qualification effort. 

7.0204 Design of Store and Forward Data Collection Low-cost Nartosatellite 

Aftane ^>J>J s, ? • irli Mot 

presentation- Sunday. March 4th. 3:40 pm. Lake/Canyon 

The satellite, as small as the Cubesat concept, requires employment of limited small 
boards, in the modular architecture, each single subsystem has a dedicated hardware and 
software. The approach, which has been taken in this paper, based on two design 
directives; th ' >1 the maximum subsystems within the same unit taking into 

account that single subsystems can be setup without modifying the operation of the 
remaining subsystems, arid the elimination of nonessential eleme I s papei we will 
dess-ribe in details the design of integrated sfore-and-forward APRS (Automatic Packet 
Reporting £, i f I Oaf 

7.03 Onboard Memory and Data Storage Technologies 

Session Organizer Craig Hafer, Aemfiex Colorado Springs 

Session Organizer: Murty Poiavarapu, BAE Systems 
7.0301 A Radiation Hardened 1 6-fiflb SRAM for Space Applications 
Tri Hoang (BAE Systems) 

mutton: Monday. Ma S.-J tu > i - • r 

A new high density, high performance 1 6-Mb Static Random Access memory (SRAM) is 
being developed in a 0.15pm CMOS RH15 technology for use in space and other strategic 
radiation hardened applications. The E lesign is implemeniec i 

micron and seven Uyet metal CM"" atures and 

advanced design techniques, a small cell size of S.Spm* was utilised while achieving a SEU 
radiation hardness of less than 1E-12 upsets/bit-day and a worst-case chip performance of 
less than 15ns access time. 

7.S302 RadHard 16Kbli SRASfi Packaged in a Cantilever Die MuSH-Chtp Sflorfule 

Craig Hafer, Janaman Matm% Ditarte Stocitm, Sean Trtom& (Aaroftex Colorado Springs) 

Pms&ntation: Monday. March Sth, 8:65 »rn 7 Luke/Canyon 

62 



Authorized licensed use limited to: United States Patent and Trademark Office. Downloaded on September 13, 2009 at 18: 



Track 7: Spacecraft Avionics Systems & Technologies 



Aerofiex Colorado Springs has developed a 1 8Mbit mufti-chip module (MCM) SRAM 
operating on a single SV power supply. Using 3 cantifever die stacking approach, two die 

ottc m side of 

the package for 3 minimum foot print configuration. Conventional aluminum wire bonding 

has been used to optimise the reliability of this packaging technique. 

7.0303 RadHard 16Mt*t MonolHtlic SRAM for Space Applications 

i - i • " ! j . ii u • ' ' - * ViNfo Springs) 

i , > ' i lay < i i trn, i yon 

A review of Aerofiex Coiorado Springs 16Mbit monolithic SRAM includes the SRAM 
architecture, a produ - alien ha hmques electrical 

performance, lota! ionizing dose data, single event effects data, and single event upset 
error-sate calculations. The proton single event upset testing results wiii be shown at the 
conference. Since the heavy ton onset LET of the device is around 1 MeV'-cm2/mg. the 
device is expected to be sensitive to protons [2\. Proton data, therefore is critical to a 
comprehensive understanding of the SEU performance of the device. 

7.0305 Integrated Magnetic SSemory for Embedded Computing Systems 

Kmneth J. Ham G;< , yoott ■ r&ty ' <* 1 Yang-H Hon fUtito&rsiti f Alabama); Byotmg- 

C/mf Choi (Unh > * ( < j , wSuvtot ''« ; 

Pterxmtatton: Monday, Match 5th, 6:30 pm. Lamai/Gibbon 
This paper describes a new nonvolatile memo, .. 

computing. Based on 3 Magnetic Tunneiinc un i celt, these rie « be integrated 

i i Hi small on- 
chip memories. The embedded magnetic memory uses a pair of MTjs in a differential 
scheme. Each ceil will be pro gram meet b; - single current pulse. The challenge is to design 
the cells and the pro , 1 - v ic tied, and 

minimize programming current. 

Carbon fianotube Based Memory Development and Testing 
R.F. Snm. T.Rueokes. $. Xwwsk. J.W. Wmxt, O.K. B>ock. B M. Secjai (Nantem) 
Manufacturabiiity of rn sle< est j oon nanofube ie; ds 1 

ability to place, mar. ion sate, and control individual structures at the molecular level. This 
approach is problematic due to the precise placement and registration required thus 
making large scale manufactunng difficult It i ( 

developed to overcome this hurdle, allowing CNT based nano-de vices to be fabricated 
directly on existing production CMOS fabrication lines. This technique has been 
demonstrated in a Class 1 commercial fab. 

7.04 Reconfigurabie Computing System Technologies 

Session Organizer: ian Troxel SEAKR Engineering, inc. 
Session Organize! Jerem\ Ramos -' > ' \&It OSES 
7.0401 Field Programmable Processor Array: Reconfigurabie Computing for Space 

>?h H , i I r ■ 

(NASA Goctaaixf Space- Flight Center? 

f s > a/Canyon 

The Field Programmable Processor Array (FPPA) is a reconfigurabie processor chip 
developed for MASA for high-throughput, low-power on-board processing of streaming 
data. The FPPA implements a synchronous dataflow computational model, with 18 on- 
board element can perform multiplication 
simultaneously t ieta path formatting, and data 
path switching. An in The 
I * t i tatafl (p^hne across mutiipie chips A suite of support 
software includes 3 simulator, assemblers, and design entry tools A prototype has been 
fabricated tn a radiation-bard by design (RHBD) process, 
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7 0402 High Performance Dependable IVhiitinrocessef it 

ohfi R Snr Dftvtdi.i t r 

Mm&srt Pam t Paul Da vis. VMu»e Aggarwat (TwKk'f Syntems). Aten Gut-xrge (University ofFtoritki). 
, k t > -v ' i t ' " • itxx.-itoiy) 

Ptvsmtmoon: Monday. Man.fi 5fw. 10:10 am. Lake/Canyon 

NASA's New Millennium Program commissioned the development of Dependable 
Multiproce - < M) I logy for use in science and autonomy missions. The goal of the 
Dtipendahie p i 
■5 Ox - 100x What ts available t 

autonomy. Dependable Multiprocessor development is continuing as one of the four 
selected STS Right experiments planned to foe flown in 2009. This paper describes the 
Dependabie M\ n ro< ss fe hn >g^ Jechnolog a! -"on experiments and 

demonstrations achieved to date, trie plans for the TRL8 technology validation effort, and 
the plans for the TRL7 flight validation. 

7.0403 Communications for Integrated fVfodLffar Avionics 

Rfctisrd L. A&na (NASA), John P. Ossentott tV (SAJC), ttetmoth t. taww (QSS), 4o<*» Gofortti (NASA) 
(NASA Ames R^&eaivh Center). Fsrnmrdo Ptgu&tvxi (NASA Stsimis Space Cmtfm) 
Prvseritatfort: Monday. March Sift, 10:3$ am, U)ReSCariyon 

The aerospace industry has been adopting avionics architectures to take advantage of 
advances in con engineen ntegr< ' t *uiar Avioni IMA), as described in 

ARING 653, distributes functior ! ' ni bu i ; < interconnected with a 
"virtual backplane" data communications network Each avionics module's function is 
1 j r t r >grarn Interface. The Avionics 

Fufi-Duplex Ethernet (AFDX) network replaces the point-to-point connections used in 
pteviousdisf.nl ed s i it "vi Minks, i otl s a command and data 

path betvieer < J ,tth the software and nt ( > lelinjng the active virtual 

links oyer an integrated physical network. 

7.05 Mixed Signal and System-on-a-Chip Technologies 

Applied Physics Laboratory 

Session Organizer: Mark Martin, The Johns Hopkins University Appt j 
Physics Laboratory 

7.0501 System-on-a-Chip Design of Seif-Powcred Wireless Sensor ftedes for Hcsfite Environments 

Davfcf J. B&mtmrt, Tanya ViiKiirrHrova. Martin N.. Sweeting (Stittey space Cenfref 
pj&s&nt&Bon: Thursday, (Wttreti 8th. 3:15 pm. Jefferson 

A new dimension of wireless sensor network architecture design is emerging where 
hundreds to thousands of tMra-itght <«10 gi tow-cost sensor nodes are required to 
collects ety pet " i pect f distribute c si tile conditions 

predominantly those encountered in space. Environmental extremes, such as mechanical, 
mospheri a > tared Research is underway 

to investigate the feasibility of fabricating survivable self-powered wireless sensor nodes 
monolithicatiy with commercialiy available complementary mefal-on-silicon technology An 
e the conceptual design of a satefiite-on- 

a~chip is explored. 

7.0502 New Technologies and Concepts for Law Loss ftadtatton Hardened 0C/0C Converters 
Geoff my Marcu f < < ; f taftorefwy) 

, • ufatf, ,-, Thai i, Ma ' S» 'v. <if) i&tfarson 

The paper describes two new technology developments that simultaneously increase 
efficiency and radiation tolerance of radiation hardened DC'OC Converters. An extremely 
radiation hardened Pulse Width Modulator is described first which is shown to exhibit an 
>rek ' ■ jnitud nailer } >w on nptto tha - ■ 'mg state of the art components. 
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Secondly, a radiation hardened Digita! isofator is reported which uses capacitive coupling 
to transfer digits! data across a gaivanicaily isolated interface, TID and SEE results are 
given for both. A method for 1 echnolog jus}* improve 

radiation tolerance and power efficiency over current DC/OC converter technology is 
descried. 

7.06 Miniaturization and Advanced Electronics Packaging for Spacecraft 

Sesst'., 

Session Organizer: Andrew Shapiro, Jet Propulsion Laboratory, Caltech 

7.0601 Carbon Manotube FSted ConducWeAsffwsKfesfer Aerospace; Appficatfons 

Jfng u JnnetLumpp (University of Kentucky) 
Presentation: Monday, Matvh Slit. 4 m, Lak<& myor 

Electrically conductive adhesive $ provide leaci-fiee alternatives to solder in microelectronic 
assemblies. Multiwatl carbon nanofubes dispersed in epoxy produce high electrical 
conductivity, improved thermal conductivity and maintain the mechanical strength of the 
matrix at low ! t rt snotut i> re fight jht nt<n-metaliic and 

lead-free. We present measurements of DC contact resistance, volume resistivity, AC 
scattering parameters, thermal diffusivity, and sheet strength for a range of compositions. 

7.0602 High-Density PWB Hicrovia Reifabiltty for Space Application 
Jamai Hacywe {Homyumsll Aotospace) 

^ rcanyem 

Microvias -ft- c y In muiti-l ered PWB designs to interconnect high-density 

components with multi-layer board traces. Microvias are the next step in PWB evolution to 
reduce pad size, thus reducing trace size and increasing the number of traces in a given 
area of PWB The paper examines the implication of putting mlcrovia through intense 
thermal cycle for t rstness in % 

7.0603 ftftufti-Functional Spacecraft Structures integrating Ele-etocat arxi Mechanical Functions 

CXfutkt v So'ir.a-e; ( j*-t Pmottiwi Utt<-t;itoiy> 

e>n nation: Monday, Ma > 6:20 ptn wCanyon 

Future earth orbiting, solar system and celestial body autonomous missions can benefit 
from spacecraft systems and instruments that have aignifieantiy tower weight and volume 
over current state of the art designs Incorporating efectronic traces or signai paths directly 

n s »ight and 

volume. In addition, local computer processing power, increased operational speed and 
larger memory storage are achievable by using embedded or direct chip attach design 
methods. The objective of this it fog> i > t r strata the feasibility of 

electronic circuit boards that fun >n as structural s be within a subsystem. 

7.07 Fault Tolerance, Autonomy, and Evolvabitity In Spacecraft Avionics 

Session Organizer: Didier Keymeuien, Jet Propulsion Laboratory, Caltech 
Session Organizer: Tom Hoffman, Jet Propulsion Laboratory, Caltech 

7.0701 Automating the Pluto Experience: An Examination of the Mew Horizons Autonomous Operations 
Subsystem 

Brian A, Bauer, W. Mark Raid (Johns Haptens Urtv&rsity Appit&tl Physics Laboratory) 
Pi&s&nfatit i>: H » ?«*. S:30<it> LakeASanyon 

The long duration New Horizor - >s e res high retiabi 1 < ^ rnandin 
fault management requirements upon the spacecraft. The spacecraft is highly redundant 
with onboard software that provides a rule based expert system for performing autonomous 
fault detection and recovery, referred to as Autonomy. The Autonomy design was largely 
driven by the concept of operations for the mission and the level of redundancy in the 
spacecraft hat i t tern supports th« 
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phases of the mission, it examines the unique mission requirements that drove the 
Autonomy design and how these requirements were implemented. 

7.0702 Autonomous Fauft Protection Orbit Oomsirj Modeling In Aerobrafting 

John Kifttworlfi). £W S< - it. I vkttved M&ttitt) 

Fraserttoffon: W£N*i*scfay, Maivh 7th, 8:SS am, Lake/Canyon 

Aerobraking,. the process of using atmospheric drag to dissipate orbits! energy, for 

i= team adhere to many constraints in 
order to successfully achieve the desired orbit. The Macs Recon a , Orbifei team 
developed new capabilities to allow the spacecraft to configure itself autonomously in the 
presence of faults. The fault response arc hi lecture is designed to minimise required ground 
interaction by configuring the spacecraft for drag passes and, jf necessary, performing a 
burn to get the spacecraft up and out of the atmosphere This paper discusses the 
methodology and examples of the robustness of our approach. 

7.0703 A Robust Fault Protection Strategy for a COTS-Based Spacecraft 

BSfJacfmm. SpsceDcv, irw > 

ihe/Cs/ >• ii 

f i it i a l i a spacecraft 

that makes extensive use of COTS components. These components include commercial 
processors and microcontroller-? tnat inappropriate for use 

in space. By crafting an a vioni chtfecture tha f i u - t I \ 
and coupling this with an appropi »,c fault protection strategy even a single-string COTS- 
based spacecraft can foe made reasonably robust, 

7.0704 Fault injection Campaign for a Fault Tolerant Duplex Framework 

* y. March 7 J U>He/Cany 

In this work we present the results of a fault injection campaign we conducted on the 
Duplex Framework (OF). The OF is software that allows two copies of the same program to 
run on two different nodes ot a commt I i i luster A third process 

running on a different node ;v» i& computed by the two replicas, 

and fnstructs )p s i ©start replica pi es n i nsist > s detected in 

order to test the reliability of the DF we wrote a simple fault injecto t tat ii tj ix is fat. Its in th© 
virtual memory... 

Demonstraf f framing Aut n < Networks in Spac*Vebicie Docking 
Simulations 

Af. Clinton Pj r iek KM! ivrMN < i ' ~ ) I 

gngin&G, ins ,} 

P« mitalK - , , ' w& L&k&i nyon 

Neural Netv xfcs have been und >r < 1 - teas of research, 

with varying degrees of success and acceptance Key goals of computer learning, rapid 
problem solution, and automatic adaptation have been elusive at best. This paper 
summarises efforts af NASA's Marshal! Space Flight Center h ai echnolag^ to 

autonomous space vehicle docking for the purpose of evaluating applicability to future 
missions. 

7.0706 Fa lift-Tolerant 2D Fourier Transform with Checksum Encoding 

Sf exyor Ck ,t Li t:<ity f FkirkSa) 

Pjesertfaf/ua: m**!ay Man ft Tttt, 10:35 urn lake/Ganyort 

One of the more common Keroi r pa< t i a t appii at ^ns is the 2D fast Fourier 
transform (FFT). Man> pa) u • mS FFT, but no algorithm has 

been devised that would allow for error correction without re-computation from original 
data, in this paper, we present a new method ■ r applying -t'v rithm-based fault tolerance 
(ABFT) concepts to the 2D-FFT that v i > ill f > error detection but also error 
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correction within memory-constrained systems. The performance of the fault-tolerant 20- 
FFT win be presented and featured as part of 3 dependable? range Doppfer processor, 
hi&r t t ii of s t» ert 3 ia s go itt i 

7.0707 Tfrm p^r.itu re-A da pt ivc Circuits on Rcconfjgurabtft AnaSog Arrays 

m. Att ytmt < r t L i 

If' ( v l Sorkla) 

Pft?5S'«feffofl U'- i y i rchJtii n ;00 am, Latea/Canyon 

This paper describes a new reconfigurafole anafog array <RAA) architecture and an 
integrated circuit (SO, and its use to map analog circuits that adapt to extreme 
temperatures t utiotvdriven adaptati al<es piace on the RAA IC, guided by algorithms 
implemented in a Field Programmable Gate Array (FPGA) collocated with the RAA in the 

i I ptatios i over a 

wide temperature range, from extremely tow of -180*C to high of 1 20*C... 

7.Q70& Extreme Temperature Stectronics Based on Self-Adaptive System Using Fleid Prograrnmabie Gate 

Array. 

DtM&r Xeynmtkiti, ftfcareto Zatmhtm.. ffsnwsftam Rajtsshtim, AdiUn Stotaa {J&t Ptoputotsn Utttotutwiy}. 
Sfimvss Hethooh (VSF), Sharon G/;w&(- Frank /Vova*. Ctwtkv, Anfffl fWA-SA Lang fey Research Canton 
Presentation W< 1 'i 7t) 1 1:2S am. Laka/C&rtyon 

Space missions often require radiation and extreme-temperature hardened electronics to 
survive the harsh environments beyond earth s atmosphere Traditional approaches to 
preserve electronics incorporate radiation shielding, insulation and redundancy at the 
expense of power and weight tn this wort *e * ipiementation of a self-adaptive 

system using a field programmable gate array <FPGA) and data converters. The self- 
adaptive syste it/ funct irty of a reconfigure bte anafog 
array (RAA) integrated circuit (iC) (3j Both the RAA IC and the self-adaptive system are 
operating in extre e temperature * m 120 - < own to -ISO^C), The RAA IC consists of 
reconfigurabie analog... 

7.08 Electronics for Extreme Environments 

Sess/or) Organizer. Mohammad Moj&tratii, J&t Propulsion Laboratory, 
Cafiech 

Session Organizer: Elizabeth Koiawa, Jet Propulsion Laboratory, Cattech 
7.0801 CMOS Compatible SOI MESFETs for Wide Temperature Range Electronics 

r. J- Thornton, J. Srvin jWF Mknopovm Inc); A. Salijepalii, A Shattmugam. W. Lspkowsitt, H. Hoth&rt. 8. 
0aM«itogf« (Arizona State University} 

Pmstsittetion: W&dnstKtay. March 7th, 4:30 pm. Lake/Canyon 

A standard siiicon-on-insufator SOI CMOS process has been used to fabricate metal- 
semiconductor tie! sfl ranslsto MESFETs). The devices have? excellent DC and 

" y exceeding 

f. f th J ' ■> > ces. The DC parameters of the device were measured over the 
temperature range — 196C to +1S0C and used to develop a TOM3 Spice mode) that 
accurately describes MESFET < j - tire temperature rang i 

the model to demonstrate a number of SOi MESFET based circuits including an 
operational amplifier and a prop I t te-f " ! ^ r ' 1 ' - > rqe source. 
7.0602 Development of a DC Motor Drive for Extreme Cold Environments 

Inc.), H Aten Mtmi < i rnvoi if} y( Arkansas) 

('.A ' i 'Cairyo > 

This paper details the j « i t r 3 on tally a islable component technologies 
commonly used in DC motor drives to determine which could provide for feasible operation 
in an ei<tre>m<= id n enis evalua rs capacitors 

gate drivers, transistors, diodes, and 3 DC motor controller. The performances of some 
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silicon carbide (SIC) devices (diode and transistor) when exposed to eofd temperatures 
were also evaluated. Based upon the results of the Jesting a cryogenic 20 W full bridge 
power stage was built and tested, 

7.09 Spacecraft Guidance, Navigation, and Control Technologies 

Session Organizer: Anhtitan Ngo, U. S. Air Force Research Laboratory 
Session Organizer Michaei Opperih&imer, U. S Air Force research 
Laboratory 

Session Organizer: James Luecke, L~3 Communications ~ f£C 
7.0&01 Analysis of the Reconfigure b!e Control Capabilities of a Space Access Vehicle 
Mtcha&l W. Opt > ' 'i ' i i ? > i 

° ' "" ' v ' Wt. $'30 am. ImKi 'Canyt ft 

Future access to space vehicles will be required to achieve a high level of safety and 
operabiEity. in order to achieve these goals tn( I J >nce anci control can 

be used to recover a vehicle from off n< idit» ffeciot failures, 

engine out, toss of engine gimbaf, and so on. In this work, 3 preliminary configuration for a 
space access vehicle is defined. A guidance and control (O&C) design tool to rapidly 
assess the necessary control effort of the vehicle to trac iqht Jra is ies eloped 

Given the conceptual configu rati i I ! ' sire a >iy J e itry flight, this G&C tool 
provides an inner-loop feedback control law and outer-loop... 

7.0902 Input Saturation T r ttments -\ Performance Comparison of Direct Adaptive Control and Th«ta-D 
Control 

Ouarifi M. L<ini (OiMa! Sciesicfji, Corporafforj); Ltetvkl T Drake & O S3wi! Ridg&lv (RayStwou): Mi-'iaic- 
Systermi} 

*o £ myati 

Flight . i tore i i! ' i a exist tiue to tw> main reasons: (1) physical 
limitations of actuator dynamics 3nd (2) controller implementations to safeguard f fight 
operations Ri imitations aturati are pi - i t<-j control authority of 

an actuator or the limited capacity of a torque - > titration from 

the implementation standpoint commonly occurs due to safety reasons. In this paper, two 
adaptive cunt t t »nt reef i ; ntrof and u-D control, are employed to 

ameliorate these nontinear off \ 1 ne • n < treatme fs is then 

analysed using Lyapunov function and Haroiiton-Jacobi-Beifman optimization based 
principles. 

7.0803 Precision Attitude Determination Using a Multiple Model Adaptive Estimator) Scheme 

taagM. La O n i i rpomtion}; John t. Crass*? Buffalo 
PwaentaHon: Tttunaday. Mami* 8m, 9-20 am, Lake/Canyon 

This- paper is main tivat i a ) future miss ch wi ta 

the employment of low cost i £ > f 1 nrcal S fern-* ^MEEVlSt 

sensors (e.g. MEMS gyros or compact star tract- r h -til! demanding a high precision 
t imat t if i stimation capability in 

order to extend/enhance the performance of a traditional Kafman estimator whose 
performance is mainly dictated by the knowledge accuracy of its process noise and 
measurement noise cova fiance matrices, and (3_) performance enhancement: of a traditional 
6 state Extended Kafman Filter (EKF) whose performance is drastically affected and 
compromised due... 

7.0904 Terrestrial Attitude Estimation for the Formation CortSroi Testbed 

Joel SW&Kfs. Hannah Gofdhefg, Jason mm. Mauritfo t/iarates. Dan Scnart (Jot Propulsion Laboratory) 
Pms&rtlatfori: Thursday, Matvfi Sin. 9:4S am, Lak&Canyon 

In this paper the problem of terrestrial attitude estimation of a unique robotic vehicle using 
attitude and inertia! rate measurements is considered. The vehicle is completely 
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autonomous and uses air bearings to simulate the drag free dynamic environment of 
space Stochastic models of the sensors and rigid body motion of the vehicle are 
de eiopeci foi i i - f f r s nance « »tion We show a 

3X reduction in the standard deviation of the attitude esitmates by proper mixing of the two 
sensor measurements. The attitude estimation algorithm also provides bias free estimates 
of the angular rate. 

7.0905 Decentralized Cooperative Navigation for Spacecraft 

> Nicosia ? rommmioaffonis) 
Pmaentatfan. Ttiutselay. Match SUk 1O:10am. Lake/Canyon 

This paper describes a navigation technique ailed D« iz&d p« stive Navigation 

(DON) that: uses s communications network with inter-node ranging to make use of the 
information from se--t 

computation < ' * i 3f a central (.ting, node st 

that the network is robust, allowing nodes to enter and ieave as they become available. 

nre suits art - a iual sa ' f ' 

at Geosynrhi oi bit j th the |att nai performance accuracy achieved at 
each node of a networked, small collection of nodes. 
7.0911 Gyro Evaluation for the Mission to Jupiter 
Sergei 4 Jmm ' ■ ' - N c .•• ■• •• • : iboratory) 
P>esersfa«swv Ttwmf&y, March Sift, 8:30 pm, UrnmeXSibbon 

' sties are oisci. ssed, 

compared and evaluated to facilitate a choice of appropriate gyro-based inertia! 
measurement unit to operate in a harsh Jovian environment to assure a successful! mission 
to Jupiter. 

7.10 Urge Space-Based Sensor Platforms 

Session Organizer: Gerard Genefto, U. $. Air Force Research Laboratoty 
7,1001 High Performance Space Computing 

Jc.'j't W Rooki > < i i > t ' >R <. <■ ' i t 1 )tton Dir&ctvrate} 

Pt ' * > • >iV-/C.3 tyon 

This paper describes a fully programmable 8 processor die that was implemented in IBM's 
1 30 nanometer 8SF process. It is capable of oparaling as k o thj I ■< ju r scessors each 
with 6 Mbytes oi E nbedcfc i Dynamic Randi m Access Mem >ry EORAM or S independent 
processors each with 2 Mbytes of SDRAM. The processor core with on-chip memory 
performs approximately 2.5 Giga Floating Point Operations Per Second (GFLGPS) per 
Watt. An example is given that applies numerous processors to a radar moving target 
indicator applicator). 

7.108? Mitltiresoiution Subspace Seam Formation Usitty a Partially Coherent Mode! 

P«?:«mfaffc>«- Wednesday. March rm, «. 50 pm, Lako/cwyun 

Traditional beam formation and waveform techniques rely on fixed apertures with single 
frequen y assum; t restrict II ty of the a act 

constraints on th functte ty of radar s> te < such as having simultaneous imaging and 
tracking ability ell nating ct i le> interference, and working with platforms that have 
iimted bandwidtl md >roces ig resources. We prop n adaptive multiresoiution 
orthogonaiized subspace beam formation method (AMOS) that allows optimization of 
apertures that may have non-uniform spacing with limited bandwidth. We combine this 
mode! with o \ ! t electro efront propagation model. We will show 

how this method compares to similar methods from a theoretical lower bound standpoint. 
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7.11 Advanced Spacecraft and Mission Concepts 

Session Organizer Scott Tyson, SES Consultants, Inc. 
Session On aniz&t John S • ison Ji Honeywell inc. 

7.1101 Modular, Reconfigurabie. HigSvEreei^y Technology Development 

Connie Csnmgton. Jo& Hovwtl (NASA Marshall $fktc.*> night Cejitor! 
Pms®nts>8aiK Monday, Manstt Stfi, 8:SQ pm. late/Canyon 

r r » tj-cy.i:..::-! r rfigurabie Hig i srgy reel of g Of-: n ad project would have 

ei jsed d'emonstrat i i ilog i * 

m-space assembly of high-power modular cargo-transport vehicles. This paper presents an 
overview of Phase l activities at msfc and its contractor partners, Lockheed Martin 
Advanced Technotog i < i« nos^ou^ 

& docking, self-assembly, reconfiguration, and boom deployment. ENTECH provided 
materia! recommendat i * r rdene >ncentratoi tenses, and test results for 

a hi-voltage PV receiver. UAH performed tests on Supertuoe heat-pipes, and MSFC and 
ns perfori emstra i wel y p 

7.1102 Optimization of inner Helicsp! ■ Spaei , >f Conceptual Design 

R <> 3;U e > vr 5 Boisiiiji Gcoi\tc 

£>ik >mttn) il> i ' Bkitt Q. £.». W. J «»> 

t. < 6 f) j i -1 t j 5? i ft I g c t J.'JS Jnfm R 

Tfoii, fito/x\t f 1 I r (. , 

Mafcfo/?at#i.> Mwi; I ; i f N c , <3 - Vfaf < (arc/ Space R/j?.' « fieri Rof&rtP 

Un WnhwiM C >' < , * ■ 1 ( f » r immvte) 

P'vs&atation- A*.wn*»y, Man-i* 5tft. 9 f 5 pro. Lrjj^Ca.tjj.-ojt 

The Sentinels mission is a k«>, n f n< i > ( * A s living With a Star" program. The 
oenttneis fo define the 

measurement tequiremen i and mission 

design of th« i < L four spimstabfe ihs spacecraft 

are in elliptical heliocentric orbit with perihelia at 0 25 AU and apheiia at 0 75 AU. This orbit 
i i sc< hernial < nttol and power challenges. This study has 

demonstrated mission feasibility by developing a spacecraft design concept using 
conventional technologic t lies wen fried to optimize the 

spacecraft design. 

7.1103 Artificial Gravity for Space Travel 
S/Wrt-H-w Gti&ng x r j, east 'Jm\%vi.;ty: Taiwan) 
Pjufssntason: Monday Mafxzit Stft, 6;S0prn, Lamat/Gibfxui 

r i stud pre -ft mag ettc concepts for artificial gravity and artificial baiance on space 
travel. The magnetic pseudo gravity system could be constructed on any size manned 
spacecraft, tow-gravity planet and moon Qualitative analysis of the magnetic methods via 

me tic method 

could ensure thai weight-bearing bones of space travelers are continually under stress and 
that the osteoblast cells will be formed. The coated Fe oxide nanoparticfe and ferroftuids 
could enable the inner ear balance mechanism The proposed magnetic methods could 
effectively construct artificial gravity and artificial balance for space travel. 

7.12 Avionics to Support Contemporary Commercial and Space Tourism Ventures 

Session Organizer: Scott Tyson, SES Consultants, Inc. 
Session Organizer: David Czajhowski, Space Micro. Inc. 
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